A polar bear in Spitsbergen briefl y rose to media stardom this July, when it attacked and injured a crew member of an Arctic cruise ship and was swiftly shot dead by others. This story goes to show that there is no place left on the Earth's oceans that is safe from cruise tourism. Protest against this rapidly growing industry, although less frightening than a polar bear attack, has also been reported from cities like Venice and Barcelona.
Complaints were also heard from less prominent locations that are getting more visitors than they can handle, often concentrating in spots made famous by fi lm or TV, or simply by photos going viral in Instagram or recommendations highlighted on travel sites. Places like the Cornish beaches featured in the British TV series Poldark, the "most beautiful bookshop in the world" in Porto, Portugal, or a specifi c lavender fi eld in France made famous by a TV show in China, have recently been overrun by visitors.
Similarly, small islands in warm climates tend to attract unsustainable numbers of tourists. Traditional pilgrimages, like the Islamic hajj, are also struggling with crowd management problems as a growing world population becomes dramatically more mobile on a global scale.
While these distribution problems could in principle be solved with some guidance, the growing environmental impact of humanity's increasing mobility also raises some more fundamental concerns.
Carbon balance
Travel is often billed as an escape from the highly urbanised, polluting and stressful everyday life in the current globalised, extremely competitive economy. Nevertheless, as every participant knows, the seasonal rush to fi nd relaxation, preferably near a body of water (Curr. Biol. (2013) 23, R501-R504) or in unspoilt natural surroundings, produces its own stress. It also creates additional pollution, environmental problems, and a considerable carbon footprint.
In the fi rst study that comprehensively covers the global carbon footprint of tourism, Arunima Malik from the University of Sydney, Australia, and colleagues analysed the carbon emissions of travellers between 2009 and 2013, accounting for emissions both by their country of origin and by their destinations (Nat. Clim. Change (2018) 8, 522-527) .
Over the fi ve-year period covered, global tourism expenditure has almost doubled, rising from 2.5 to 4.7 trillion US dollars and thus growing faster than international trade. A key factor contributing to this dramatic rise is the rapid economic growth of China, which has created a large, wealthy middle class that is now increasingly discovering the joys of exploring the rest of the world. Other contributing factors include the expansion of budget airlines, easy access to cheap accommodation via online facilities like Airbnb, as well as the sharing of travel photos via sites like Instagram, which can lead to widespread imitation of travel experiences.
Due to the growth of the tourism industry, Malik and colleagues fi nd that its carbon footprint has increased from 3.9 gigatonnes of CO 2 emitted in 2009 to 4.5 gigatonnes in 2013. This estimate includes all carbon emissions from supply chains providing for tourists' needs, a contribution that had been omitted from previous analyses.
Although there were carbon intensity reductions totalling 12.9% over the time span of the analysis, these were more than compensated by the rapid growth of the tourism industry overall, explaining why the global carbon footprint increased by 14% over the entire period, or 3.3% annually.
In spite of its generally green and relaxed image, tourism has a remarkably high carbon multiplier, which is the ratio of carbon emitted per dollar spent by the consumer. This multiplier is around 1 kg of CO 2 per dollar spent for tourism, which is higher than for manufacturing (0.8) or for construction (0.7).
Splitting the carbon footprint by the usual country of residence of the tourists reveals US residents to be the biggest emitters, even though the majority of their travels are within their own country. China and Germany follow, both also with a high proportion of domestic travel.
As these leading three nations of tourists are mostly travelling within their own country, they also come top of the destinations table. However,
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Global tourism's growing footprint
Tourism is growing dramatically, fuelled by China's new wealth, facilitated by budget airlines and inspired by online help and photo sharing. The industry's carbon footprint as well as tourists' tendency to destroy the things they love are a rising cause for concern wherever the planes and cruise ships land.
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Taking off: Tourism is growing faster than international trade. Its carbon footprint, with a sizeable contribution from air travel, is also growing in spite of some improvements in carbon effi ciency.
(Photo: Tim Fields by a CC BY 2.0 licence.) R964 Current Biology 28, R952-R1008, September 10, 2018 destinations look dramatically different when the carbon footprint is divided by population. On a per capita basis, travel to the Maldives has the biggest carbon footprint, and other island nations like Mauritius, Cyprus, the Seychelles and New Zealand also rank in the top ten. This means that for these island nations, the impact of tourists coming to visit forms a substantial part of their national carbon footprint, matching the importance of tourism for their economy.
Travellers from the 65 higher income countries produce close to a quarter of their carbon footprint by using air travel. For those from poorer countries, by contrast, road travel and essentials like food are the main contribution. International travel, as it more often involves air travel, accounts for 24% of the global carbon footprint.
One of the limitations of the current study is that it did not calculate the difference between the travel footprint and the one that people would have produced if they had stayed at home, so the fi gures are for carbon emitted while travelling, not for additional carbon emitted because of travel.
Based on the trends of the underlying drivers -namely, affl uence, carbon effi ciency, and time available for travel -Malik and colleagues attempted to predict the development of the carbon emissions of tourism until 2025. They found that the tendency to spend money on travel increases non-linearly with affl uence, meaning that people becoming wealthier will spend a larger proportion of their income on travel, which is partially explained by psychological reasons like status signalling.
As the number of people wealthy enough to travel will continue to rise and their travel expenses will rise even faster, Malik and colleagues expect that this trend will continue to outpace carbon effi ciency improvements. The authors calculate that in a 'business as usual' scenario, without drastic policy change, the carbon footprint of tourism will continue to grow at its current rate of 3% annually, and thus reach 6.5 gigatonnes of CO 2 by 2025.
The authors note that the World Tourism Organisation (UNWTO), which promotes the potential of sustainable and responsible tourism as a development opportunity, has recognised the problems created by its rapid growth and suggested mitigation strategies of encouraging tourists to choose shorter distance travels and less air travel, and operators to improve their carbon effi ciency. From their analysis, however, Malik and colleagues conclude that such encouragements have yielded very little fruit so far, and that stronger measures such as carbon taxes may be necessary to change behaviour.
Local ecological damage
While the carbon dioxide emission of tourism is a global and uniform problem with known consequences, other kinds of impacts are diverse, scattered, and often insuffi ciently characterised.
Media reports typically populating the Northern Hemisphere's summer season point at problems like litter left on beaches and contributing to the global crisis of marine plastics (Curr. Biol. (2017) 27, R785-R788) and chemicals such as titanium dioxide from sunscreen causing damage to corals.
This summer, even the apparently harmless practice of stone stacking has received a bad press, as it appears to have spread through Instagram and become a global epidemic. Biologists have warned that people picking up stones may inadvertently disturb breeding sea birds on rocky shores and even destroy their nests without noticing.
As with the stone stacking, it is often the sheer number of travellers having the same idea that causes the damage. One lonely skier can be absorbed by the natural environment, but the millions scraping down the slopes around ski resorts each winter are bound to harm the mountain ecosystem.
Even by merely eating local produce, large numbers of tourists can wreak havoc. In the South Pacifi c archipelago of Palau, for instance, a recent study has found that the 160,000 tourists visiting annually harm the coral reefs not only accidentally by touching them Colette Wabnitz from the University of British Columbia at Vancouver, Canada, and colleagues analysed the sustainability of tourism in the archipelago, which depends on it as a main source of income, using socioecological modelling (Mar. Policy (2018) 88, 323-332). The researchers came to the conclusion that, in order to protect the coral reefs already under threat from climate change and sea-level rise, the island nation should switch its food supply to off-shore fi sheries. Palau has designated 80% of its marine exclusive economic zone as a National Marine Sanctuary in 2015, leaving the remaining area open for domestic fi sheries.
Within the rapidly growing tourism industry, wildlife tourism is one of the fastest growing sectors. While it is often advertised as ecotourism, just watching wildlife can also interfere with the fi tness of the species watched. For instance, ships carrying whale watchers may with their engine noises and sonar disrupt the activities of the whales.
Sharks are also a target of wildlife tourists and there is only very little research on how the interaction with tourists may affect the fi tness of these vulnerable top predators in the marine ecosystem (Curr. Biol. (2014) 24, R341-R344). Charlie Huveneers from Flinders University in Adelaide, Australia, and colleagues have studied the activity of great white sharks (Carcharodon carcharias) in the presence and absence of cage divers (Conserv. Physiol. (2018) 6, coy019) .
Several commercial operators are offering cage-diving encounters with white sharks in the United States, Mexico, New Zealand, Australia and South Africa. While operators are not allowed to feed the sharks, they do use baits to attract the animals to the cages. After fi tting ten white sharks in a cage-diving area in the Neptune Islands, Australia, with acceleration sensors, Huveneers and colleagues monitored their activity when they were interacting with visitors, compared with the activity when there were no tourists in the water.
The researchers found that the sharks became more active when cage divers were present, carrying out a larger number of strong accelerations and of vertical movements. Overall, the researchers calculated that the dynamic body acceleration, which they use as a proxy for metabolic rate, was increased by 61% when tourists were present. As there was no feeding involved, the sharks would have to meet this extra energy expenditure by additional hunting and, if they encounter this situation regularly, it may affect their fi tness. However, it remains unknown so far how often the same sharks will revisit the cages and if they continue to have the same level of increased activity when they get used to the cages' presence.
A symbiotic relationship?
Although large crowds of tourists can harm the environment and wildlife in many ways, responsible and sustainable travel can help both the development of poorer countries and conservation efforts. Bynom Boley and Gary Green from the University of Georgia at Athens, USA, have argued that ecotourism and conservation could and should have a symbiotic relationship of mutual benefi t (J. Ecotourism (2016) 15, 36-50) .
Successful conservation of wildlife and natural environments is obviously necessary to maintain the natural beauty that attracts the ecotourists. Conversely, ecotourism revenues provide a commercial incentive to invest in conservation and to resist the temptations of land-use change. This trade relationship is increasingly important, the authors note, as traditional green philosophy of preserving nature for its own sake is fi nding less resonance now and even the importance of natural resources is often measured in fi nancial terms, as quantifi able ecosystem services (Curr. Biol. (2011) 21, R525-R527).
Naturally, ecotourism based on wildlife observation and an experience of (almost) wild nature, comes with an inbuilt limitation. If operators were to scale it up to the numbers of visitors seen at conventional beach resorts, they would destroy their main selling point and thus lose their business. Thus, any intelligently managed ecotourism would automatically aim to distribute visitor numbers in a sustainable way so as not to destroy its own foundation.
An approach that takes sustainability one step further is that taken by the global organisation, the Earthwatch Institute, which has been operating for nearly half a century now. It sends feepaying volunteer helpers to research and conservation projects around the world, including for instance work on protected areas in Madagascar and the Caribbean (Curr. Biol. (2012) 22, R287-R289). As affl uence is the main driver of the current explosive growth of the tourism industry, channelling some of that spending power into conservation science appears to be a good solution.
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